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ABSTRACT : PROBLEM TO BE SOLVED: To improve the properties of a filament formed of a generally 
thin metal member such as a sheet, ribbon or foil. 

SOLUTION: Filaments 200, 300 each include at least one emitter 202, at least one of 
cun-ent concentration structures 203, 204 and at least one of tabs 250, 465 formed at each 
end of the emitters. Each of the tabs can be connected to, for instance, a supporting 
system composed of a lead 5 and a mounting post 310. When a current is carried into the 
filament, the current concentration structure generates, in the emitter, a current flow which 
may bring about a desired temperature distribution(for instance, a substantially uniform 
temperature distribution) along the emitter. In this case, the filaments may be curved. 
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^■^(ci3V>T. Bulfi7 -f 7;^ >'h7&^'yffiS.tXzf4(c:J; -5 
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[W*«151 Mie^-f 7^:^h:^)*0. 0 1-1. 0 

iBmo7^ 7^yh. 

[it3R3S 16] ii'-'^r < i: 1 1 oo^gS[**^itS-^ 

i>^:S. X 5 ^Mz-m^-k'^vX^fd^^^zxtmmmk 

i43«jt>&^'-iFfBx5 •y^tc?'n^oTP;fai7)iaK^^^ff^i>;t^ 
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^XS, BUlB^ 1 <^mmy^ -hl^MIBx 5 'y rJ' ^ 
leit-^XS. PJttcOnril):*'"'^ SrfflS^SX^. BtflBx 

5 >y t>z\^iixmis^mr^ i^W}^-^i>jim. stmz 

lolBx 5 -y ^ SrSS^S -ti-Tjf Ift Li^x S >/ SrWl.XS 
Sr^tr^t ^W^gtt-rSjffiLT^cxS •y:$'OMit:^ao 

[ if 1 7 ] HulB^-^ ^7)^-:^: < J: t -:Jr ^m-r S 
xg^Hic-^tfil^i 6iBKo:^S. 

[ it^ 1 8 ] ffiB^ 1 <m^-yA ifinm \^fz:x~ 5 -y 

imm^A *i|«iB< {5-;^{=ll«Wtia-&-r-&^HSrWf 
SJ^tcisv^T. B«iBlglcolII^^MicJ;oT^:?n 
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[0007] ^tiWi. iz^^miiimm.Rvw^M}^x 

*K ^ti^(^MzmM^tii>iyifX'ii.^^\ 
[00 08] 

^^i^m^tii> . t-a-^ y ^^yhnm^^-Amm. u rf-> 

xm^coiMM-i^^^^^ t izi'3xmi'm\ii&z/m^ 
^\^±^-^ii>xo^mM^'}m^ mr. miz ^m^j 

hJ^^OHiJjTLX >/ i^A ( r 3 <y J. J i: D? 

^^y hmmmifAti^wm^tih . 

[0009] ^%m(r)m<mmz%ui. m^'^^mm. 

y ^=7^ yv\t.. —m.^zmFf^\i^(rmmx:£. 

S >y rJ' i7)]i5;#{ti7)5te6x 5 >/ ^ O^i^tclSJt ^ti3^c^^=5r 
itJlICDrJ'rS-^tfClfctifeS. -egoisms 

yv^znmmM^^:^^^. -e^itioxs vrS'tc 

[0010] it^W^<r>Wizm<7mW,znUi. L-t 
53: < i> 1 fflcox 5 .y rJ' 2:^ L7&»-o!|iaii^tr«^-r.S 7 ^ 

< t locomsiEm^'if J§&#^•cv^^ie«, 7 >f 
yY^\.z^^-%:m^fz'^\,z^ ^M^^mMifiy -f ^> 
>- h \.zt!^-) xnm.<r>ii^^^^ %ifz h-t. i}^i--^:fjm 



xS.y^tltfjttT^t&^'f^^tJjS-iirSXS, Mmcx 

al■rxmsr-t■^•cv>l.. 
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mm^(OW-^'k^LX\-^h . tfz. *^:!&»^7-^5;><>'h 

mmmizm.m^^^y^x'ry. ^y-9iv^ u-^j^rv^ 
U -ymjiii^^m't^tii^mL-:^)^ V ^J^ma:^ y^' 

ibizm.-^m.-imximimi^mMmcr>c:t ^^j^-^Kt 
himcon^mtm. m/izmm'miiit:\^±^-tt 

tii^\,zi^-:>^y^ymn. ^rU'^A-^n. j\y=.^jA 
maRt/ h u ^J^mni^ y:/y.'ry(^-*j:< thimt/^ 
mfti>ti^i)K ^tii^<7>MzmM$tithi'rx'ii^\,\ 
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?(yhl>it:tx.imo. 0 1-^1. OmmOKHl^iJO 

-{fzbtlt. v'A-/Wl)Pl?&*»i^i7)x:tvU=Sr-) Sr®JR 
tT«^X{i3^c73r i: #x:TV^=5f-^Scii}-ri. . :7 ^ 
7J<yhi)<l fflox 5 -y rJ' Sr^tff^. x S -y 
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irmML. tfz7zmi±y ^ ys'iy'h^m'^xmi^mM 
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j^Rx/^M<7>^^^^fRmx *)miitu:immizm 
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y^yhc^mmmt. mo. oi-*«7i. omm<r>^ 
w^<r)i¥^&r/mi . o-Hf«jiooo. omm^ <omm 

himi. OmA-^lO. OA<Dmmf^cr,mtiim^t: 

%±L%i,, ^ti. y ^ y^ yhcr)mm^j:^miimm<^ 

[0016] ^^criy ^ ^:<yhii^ My ^^^yh^ 

m^^mMMtm^mkmzmmt^ t^^^izmm ^ti 

h'^tc < i: 1 1-z><ry^F^^n^ ( ^^yj t hmiti 

1 1 fdif:k^ V \ fztm, y^y^yh Tb^^— ox 5 
V ^^i^ti^t,Zli2-ocr,:S' fif^-t^ . 7 9^ >• 

-e<7)F^<^l-:){i:#'!?<7)x5 -/^OcioT^t^^ 
^T-T I. ^ -i, . -^J; . xfflox s <y ^J' fci^-r ^ 
x+lT-$)-&. 

[ 0 0 1 7 ] XS -y ^'OfSft^^Stffitt, hXWmz 

im-tt . y^y^yh izr^'^tzum^^<7)^H:i± . 
m'iFmtiicom l v ^^-ft^ i^tz^^zt ti^h ^ . 
wmi^ihh\^\mi)Hznm\^tzm!mt:^hy 4 9^ 

t^c^f. :LiXl^(r>ms^hLX\i. S^ffi«clcoJMJll. m 
^tg:^!^^!*]^. X5.y:?'»ij^c7)@:g, WL^mmi^i^zii 

[0018] 7 9^ >- hi;?&o/^F;fac7)aK45-^5 (?t 

co3X7mmmizm':^< t<or«>-:>T. mm<Dy x 9 

|nl±$-ltl. y^y^y hm^^^-r^tii^tiz^-^, 
[0 0 19] *»*»l.^tl^y— ;^tt3V^T^±, #'<?<^:7^ 

y^yh\>ztii>iri>i^:L~)v^,^nmthmm^ {tzti. 

ifztm^Wm^ (FEM) X'hhiiK ^it 



[0020] m2iz^^tifz^m=tfMZ'o\>^xim-t 

JMSll>zt5X-\Xy xy:<yhm^ff>3D:>i^y>' 

*>3!)»sii^<2j.t tT{4itisft«gft. mm 
^^rust^flK i t izx-yxmiammizm-ofzi^^^ 

[002 1] XiSS4t=:tJV^-C{i. X^S3^=t5V^■Ct^ 

^ixfzy X y^yvim.t^^sj$.-!if^mmzm^L^j:\ni 

tf . JMld^H^ iXTtrif^t^tP L TX^ s 1 - s 4 ;t»-'S 

m$ix&, xgs i-s Acr>mmt. m^ma^mmmzm 
■^-t^tx-^nri^tL^, ^(Dmj^izti^i^x . ^an-y-^w 

[0 02 2] y ^ y^yhlzmLXmm-^ilUMim^^ 

■rstco-cti^rv^*^. 7t:i:;t{f. x$ •y^'tc?ao7tigLK 

^«I;&^ltJ± 2 5 ' KJilTi: =5:^ i ^ izM&-m^m^ 

^^y-^l'icj: -?T«>l^$iiS^Sx5 -y • 7 ^ 9^ 

>• h 2 0 0 (Zcr>^lii:M:r.s. -y^ ■ y ^y^yV) 
fflco^tg^x 5 -y rJ'Jg^f^cT)— ^j7&i^$iiT V ^ ^ . 7 7 
^Vh2 0 0{S. x$-y:?2 0 22itX (,^riSlt'5^$n 
■I.) -en.<7)M«x5 .y:5';6»^ES:-5Tt'»-S.. E3li^$ix 
f^x5-y^2 0 2C0-tac0^i?IJ{i:. fU2. 0mmX5. 
Omm<30Ma&t/'^0. 0 5mmi7)J?$T'ib-&, ^'7^2 
5 0{i*<j2 0 0 0* Koa^tc:*t#$ni>, A>*»Sxs 
•y:$'{i. *«?7AC0EPJnm»S[iTf^Kl§iX-So ^ LT* 

5 -y ^ 2 0 2ay-U^\,zi:>i'Z'>xm'S.miz-mxh 0 . 
*^i(l^i.e«aK{i«!;2 6 0 0* KTifeS. 

[0 02 3] m3<r>y ^y^yh20 0\,i^ mfLtzM 

mtau^^rm-^xmx^m^i^mmL. ^coi^w^tLx 

y^^^yv i,zi&^tz?m(r>^^m-^&::^\!&-tfz)t>i,z 

tf*i)^^miLfz'!m^\>ziii'rhw^im^mm'rL 
i56±-r^fc^tc. x5 •yrJ'icjeoTmMiOias^^p*^ 

[0 024] m3t<Z7r^^ixh^o^j:mflrfz:z.^'y^m 
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ii^>ioiiicx$ >y i?^j^2 0 5 ^^timm^-t^. m 

aij^l- •!> i^c46(CfiS^Ol:<7)X S-y;J'--lr^^>'h207 
[ 0 0 2 5 ] 7 >f 7;^ >- h(0l£SgS.?/fi^'l4{i, 7 >f 7 

^7{d. 7^7^>'h C:M-r ^■srtg^Kr'f^iaKigH 

[00 2 6] 115 — 1 oizti^ y ^yj^yhm^<om-o 
ifjisti.^ri:< , y^y^yh- ^y25 0iiu-}^ 

5izm^$il^. m5^7i±m—:^5.-/i$'-y^y^y 

7.Y7^>'I-fi|jt^^L.Tt^.|.. E18S.t/9{4, 

m^v:(^^mizwim^tifz^m(Dx. 5 sr^t? 7 9 

LTf#^>ixl>x5 -/^com^ltt. Wiz^Mco^^'m^ . 
El 3 Ma LT 3Zl!'<^/::a 0 -Cfe I. . 

[00 2 7] msii. mmM'pm(^m:r:i 2^^-tty 

7;^>'M 0(::?&'>TSjrSL/i^^^^&Si;;B«i^i) 
oS:-g•^T-^^^. 2{4SiHciiPSLT</^r 
t 0 T'55: < . mM^Ox 5 >y rJ"ffiftSr^-r ^ ^: 

[0 0 28] 111 6 {i. mmi:m.^^^^tz)^-^yiz'm& 

LX'r~->Mi%cn^^2\^^-t^^2(r)y^^yiy\- 
\<zi6n^—^<r>i^ti^io-S^y'2 5 0tfni*»->T£ie<=5:-?T 

y—^'^^2 2<mmt. ntdh-tty ^^yiy 

^22(o-^m.uyimi. m^'km^-tht^iz. m 

[0029] 117—1 oit. m^m-^i.zmm^tvfz^'r: 

ti^^m:^im^m^^^t:^<t^^^ zti>zx-oxy^ 
^^yh^mi:mm-r?>tzibt,z^'z>'L</)Th-^x. a 



•thfzib. y ■iy:>^yh<^m^i<zx^-m^^^^x^^^ 
■yr^c:fc*»'T'Si.. i)^-h^hm:>ii±: y >t yy<yv\,zr^-> 

TxW (^1 0) XlSyW (07~9 ) cr>-fj\^\,Z—m.(r> 
^WSmx/X H 7 — 9 {2^ $ ix/::S V V ^<7)?« 

ynt. 7 ^ 7-x y h*^— ^r<7)LB!iffl 7 5 icis^t ^>^x/im 1 

SfO^J^B 2 . fl!i:^rc0i!Jffl7 6 tciS(t'^il7t^2S¥<7) 

p^fcxs -y iJ'gp^^SrM^f i.. «:A:tfOiE?i^iS:{i7 ^ v 

^ V b^ll/x § .y i^eommiz b -o XSmX'^\> fFS 
^^;l'i7)7 ^ y^yhmi^mifi(7)TXmm(^x.^ .y r^S 

[0030] I17{4. jtSfr^N-^-^'cox 5 .y ^imk^-^ 

•t^^SCOy ■< y;>(yh3 0^^LX\^i>. C:tf07 7 
.X>'^3 0^±^-^Dx5■y:?'S^-g•^T^■^■2., 08 {4. W. 
iSt (ii7)=^-^tc(42^i) c7)xS-y:?4 l^-i-OHfix* 
•y:5' • y 4 y:>(yh4 0t:mLXU&, ia8{42^@<7)x 
5 ^^-4 1 Sr^LTV^S^i\ 7 7;><>'h4 0^33^:^ 
mmzmiifh^t l^zX-yX 3oc7)-5rtg:SriSclii«3tfe$- 
-SCI 3tti.{f. 7^7;><>'h4 0ic 

fcl^Tti. ^{ro^21icD:J^7't=^jE-r-S.5d#«it!^tC'^ 
SiE^gii t7tJ^-^t:{4^ 1 coxs .y i^^mm^ti. :^mco 

{im 2 iOX $ .y LX^McO 2 fSO^ 7' 

2 5 Ot2j:tJE-rS3aflSJt!i«!lfc'^sl^giEL7t^tw(4m 

3C0X5.y^*J^$^t^. 

[0031 ] ia960^ax= - 7-^ 7^>'h50 
{±, ^tlg:<:OX 5 -y i^' 5 1 S"^^T-V , 0 9 3 1@c?3X 

5 -y :r 5 1 Sr^LTV^.!.**. "511^^X5 -y ^mmcr>Wci± 

exh^. ia9t:j3{t^"5r«i=Srxs.yi5^««i:L-c{4. 

^'Mil^73 211(7):$' 7'OP^. I*l{i|c7) 2 He?) (^-^^tifz) ^ 

r<7)fs, (Stfo) :fe{i<7)2fico:J'yo^. m^<r>) 
^mc^2mco^y'com. Rx/^^co^m<^^yt-ttit^ 
£:>i-^miSLxiHm<7^:s^yt<r)mizmm.^m.Lfzm'^^ 

[0032] 01 0«, ^OXS.y^J'e 1 Sr#tr«IM 
t/^fc^O^Mx 5 -y ^' . 7-f 5;Oh6 0$-^RLTV^ 
i>. XS-y^J'e 1{±. ::^#UX5 -y rJ' 6 8 h /Jn$ V>x 5 
•y:J'6 9i::i?>4>liS;-5TV^^. 7 7^ >- h 6 0{4^'7'2 

6 S^^LTl/^S**. ^tL^(Di}f'^< t i l«45<rHC 
l?^®-r-l.x5.y:5'fcJ;oT^^^§tLTV%§. 7-f7^y 
veoiit-tz. y ^y^yhe>0cr>~-l3crMiB.l 

mtfhmfi 6 2 . m/y ^^y^yheo <r>fk^a)mm i 
[0033] )msmmi:mk ( /l- h 6 tc^^ix 

( tz t tiimf^-^^ - y<r>Ji 5 -y %> <7) > 
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tti'^V^^. Z<7)Xo^j:mitLXli. (*<?0. 025 
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ABSTRACT 



A filament comprises a generally thin metal component, 
such as a sheet, ribbon, or foil. The filament comprises at 
least one emitter, at least one current-condensing structure 
and a tab on each end of the at least one emitter. Each tab 
is connectable to a support system, comprising for example 
a lead and attachment post. When a current is passed through 
the filament, the current-condensing structure establishes 
current flow through the filament resulting in a desired 
temperature distribution across the emitter, for example a 
substantially uniform temperature distribution. A predictive 
tool for determining a geometry of a filament to provide a 
desired temperature distribution is set forth. The filament 
may be curved, and methods and systems for providing a 
curved filament are also provided. Attachment systems are 
further disclosed for attaching an emitter to a support 
structure. 

12 Claims, 9 Drawing Sheets 
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1 

EMISSIVE FILAMENT AND SUPPORT 
STRUCTURE 

FIELD OF INVENTION 

The invention is related to filaments. In particular, the ^ 
invention is related to filament construction for electronic 
emitters. 

BACKGROUND OF THE INVENTION 

A filament comprises at least one emitter. An emitter is a 
component that releases energy, as in the form of electrons, 
upon the absorption of eneigy. In the filament, the emitter is 
one element and the fi.lament can include additional features. 
Alternatively, the filament can comprise a plurality of emit- 
ters. 

CoDventioaal filament designs for lighting and electronic 
emission generally comprise a helical coil geometry. While 
a helical coil has proven adequate for many applications that 
require relatively isotropic iUumination, a heUcal coil may 
be inefficient for electronic emission. This inefficiency is 
partly due to space -charge limitations on emission current, 
which result in low saturation, and hence a weak signal. 
Additionally, a large fraction of electron trajectories reaches 
an associated anode outside a desired target area, leading to 
an undesirable focal spot profile. 

The prior art in filaments, emitters, filament manufacture 
and support assemblies focuses on tungsten helical coil 
emitters. Attachment of helical coil filaments to supports is 
accomplished by crimping the filament wire inside electri- 
cally conducting leads. The techniques used in this method 
of attachment often result in filament misalignment, leading 
to undesirable focal spot characteristics. 

Ribbon -like filaments, and their emitters, have been 
known in the art for illumination and electronic emission 35 
purposes. These ribbon filaments generally comprise a 
single emitter. These known ribbon filaments comprise 
integrally formed leads, and are thus difficult to attach to 
supports with a desired alignment acctiracy. The integral- 
lead configuration compromises the filament alignment in a 40 
cathode assembly because the ribbon filaments are prone to 
warp as the integral leads are twisted during attachment to 
the support structure. 

Near- isothermal heating is exhibited in sufficiently long 
helical coil filaments due to the coils possessing an extended 45 
length of uniform cross-section. The uniform cross-section 
results in essentially negligible heat conduction along a 
potion of the filament. Known ribbon filaments do not 
maintain a uniform temperature across the emitter and hence 
do not approach their potential thermionic emission current 50 
or life. Further, known ribbon filaments do not possess an 
engineered temperature distribution across the filament, and 
thus do not achieve their potential focal spot quality. Further 
deficiencies of known ribbon filaments include inadequate 
mounted stability and ease of alignment with a support and 55 
mounting structure, 

It is therefore desirable to improve performance of fila- 
ments and associated emitters by intiroducing filament 
designs that produce desired temperature distributions 
across emitters and prolonged emitter life, while attaining 60 
high emission currents and good focal spot quality. Also, it 
is desirable to provide filament geometries that offer sub- 
stantial mounting advantages over conventional helical 
coils. The mounting advantages include, but are not limited 
to, enhanced focusability, geometric stability, consequent 65 
durability and ease of aligrunent within a filament mounting 
structure, and retention of focal spot quality. 
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SUMMARY OF THE INVENTION 

One aspect of the invention provides a method for deter- 
mining a geometry of a filament. The filament is composed 
of a thin metal foil, ribbon or sheet, and that has a geometry 
that exhibits a prescribed temperature distribution across it, 
thus enhancing electron emission and life. The method 
comprises generating a three-dimensional (hereinafter 
"3-D") mesh of a filament geometry; imposing boundary 
conditions on the 3-D mesh; solving a coupled thermal- 
electrical equation to determine a temperatxire distribution 
across a surface of the generated filament geometry subject 
to imposed boimdary conditions; and determining that the 
filament geometry is acceptable when temperature distribu- 
tion specifications are met. If the filament geometry does not 
conform to the temperature distribution specifications, the 
filament geometry determination method is iterated until the 
temperature distribution is acceptable. 

A filament that is formed from a thin metal foil, ribbon or 
sheet is provided, as another embodiment of the invention. 
The filament comprises at least one emitter that releases 
energy, generally in the form of electrons or photons, at least 
one current-crowding structure that confines current flow, 
and at least one tab on each end of an emitter for attachment 
of the emitter. The emitter further comprises additional tabs. 
Thus, when current is passed through the filament, the 
current-crowding structure establishes current flow through 
the filament, resulting in a desired temperatiu-e distribution 
across the emitter. 

Another aspect of the invention includes a method of 
making a curved filament. The method comprises providing 
a thin metal foil, ribbon or sheet starting filament, having at 
least one emitter and defining axes. The filament includes at 
least one current-crowding structure, so when current is 
passed through the filament the current-crowding strucmre 
establishes the desired temperature distribution across the 
filament. The method includes the steps of providing a first 
stationary die; disposing the filament on the first stationary 
die; providing a movable die; moving the moveable die 
toward the filament; and deforming the filament to produce 
a desired curvature in the filament. 

Still another embodiment of the invention includes a 
support system for a filament support, where the filament 
comprises at least one emitter having tabs. The system 
includes a plurality of leads comprising tab connectors that 
allow attachment to the plurality of filament tabs; and further 
a support structure comprising at least a plurality of attach- 
ment posts, each post comprising a slot adapted to receive a 
lead. Thus, when each tab is attached to a lead and each lead 
is attached to a post, the filament is mechanically and 
electrically supported. 

The filament, as set forth by the invention, is thin. For 
example, a filament possesses a thickness in the range 
between about 0.01 mm to about 1.0 mm. The filament 
comprises an appropriate emissive material such as, but not 
limited to a material selected from: substantially pure 
tungsten, tantalum, rhenium, and alloys thereof; a doped 
material, for example but not limited to potassium-doped 
tungsten for improved creep resistance; and at least one 
particulate containing material, such as carbides or oxide- 
containing materials for enhanced mechanical properties; 
and at least one of lanthanated, ceriated, hafniated, and 
thoriated tungsten for enhanced tfaernionic emission. 

These and other aspects, advantages and salient features 
of the invention will become apparent firom the following 
detailed description, which, when taken in conjunction with 
the annexed drawings, where like parts are designated by 
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like reference characters throughout, discloses embodiments 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an explanatory view of a coordinate system on ^ 
a generalized filament; 

FIG. 2 is a flow chart illustrating a procedure to determine 
filament geometry; 

FIG. 3 is a schematic illustration of one-half of a dual- jq 
emitter filament; 

FIG, 4 is a graph illustrating thermionic emission and 
evaporatioQ rates from tungsten filaments with respect to 
temperature: 

FIG. 5 is a schematic illustration of a single-emitter ^5 
filament comprising current-crowding slots; 

FIG. 6 is a schematic illustration of a single -emitter 
filament comprising tapered ends; 

FIG. 7 is a schematic illustration of a single-emitter 
filament comprising a serpentine-slot pattern; 

FIG. 8 is a schematic illustration of a first multi-emitter 
filament comprising a serpentine-slot pattern; 

FIG. 9 is a schematic illustration of a second multi-emitter 
filament comprising a serpentine-slot pattern; 25 

FIG. 10 is a schematic illustration of a third multi-emitter 
filament comprising a serpentine-slot pattern; 

FIG. U is a schematic illustration of a curved filament 
having a radius of curvature in the yz plane; 

FIG. 12 is a schematic illustration of a second curved 
emitter having a radius of curvature in the xz plane; 

FIG. 13 is a schematic illustration of a third curved 
emitter having radii of curvature in the yz and xz planes; 

FIG. 14 is a schematic illustration of a system for fabri- 35 
eating curved emitters; 

FIG. 15 is a schematic illustration of a second system for 
fabricating curved emitters; 

FIGS. 16 and 17 are schematic illustrations of a first 
attachment system; ^ 

HGS. IS and 19 are schematic illustrations of a second 
attachment system; 

FIGS. 20 and 21 are schematic illustrations of a third 
attachment system; and 

FIGS. 22-24 are schematic illustrations of a fourth attach- 
ment system. 
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In this invention, a filament is a thin meUil foil, ribbon or 
sheet, and comprises at least one emitter. As discussed 
above, the filament is thin, for example having a thickness 
in the range between about 0.01 mm to about 1.0 mm, and 
an emitter releases energy, such as electrons or photons, 55 
upon absorption of energy, such as energy from Joule 
heating. When a filament comprises one emitter, it is 
referred to as a single-emitter filament. If the filament 
comprises two or more emitters, it is referred to as a 
multi-emitter filament- FIG. 1 illustrates a filament 1 super- 60 
imposed onto a set of three orthogonal coordinates x, y and 
z. In the following discussion, the xy plane defines the plane 
of the emitter, where the x axis defines a mean direction of 
current flow through the filament. 

The filament comprises an appropriate emissive material 65 
such as, but not limited to a substantially piire material 
selected from the group consisting of: tungsten, tantalum. 



rhenium, and alloys thereof; a doped material, for example 
but not limited to potassium-doped tungsten for improved 
creep resistance. Alternatively, the material includes at least 
one of metal carbides and metal oxides for enhanced 
mechanical durabihty, and at least one of lanthanated, 
ceriated, hafniated, and thoriated tungsten for enhanced 
thermionic emission. A starting shape of the filament com- 
prises a foil blank that has a thickness in a range between 
about O.OI mm to about 1.0 mm with a surface area in a 
range from about 1.0 mm" to about 1000.0 mm^. 
Accordingly, filaments can produce emission currents in the 
range between about 1.0 mA to bout 10.0 A. The exact 
filament dimensions vary in size depending on a desired 
emission current, life, and focal spot size. 

Each filament comprises at least two end-connection 
portions, aftematively known as tabs, which are used to 
connect the filament to an appropriate elearomechanical 
support structure. The number of tabs is usually one greater 
than the number of emitters. For example, if a filament 
comprises a single emitter, there are two tabs. If the filament 
comprises two emitters, there are three tabs, one of which is 
shared by each emitter. In general, for x emitters, the number 
of tabs is x+1. 

The thermionic emission of an emitter is primarily depen- 
dent on temperature. Variations in temperature distribution 
across a filament can lead to drastic changes in thermionic 
emission. Filaments that provide a substantially planar, and 
alternatively a slightly curved emitting surface, offer sub- 
stantial advantages over conventional helical coils. These 
advantages include increased emission current, improved 
focusing capability, extended emitter life, ease of aligiunent 
within a mounting structure, and long-term geometric 
stability, and subsequent retention of focal spot quality. 

A predictive tool has been developed for determining a 
filament geometry that provides a desired temperature dis- 
tribution across a filament, for example a substantially 
uniform temperature distribution. The model relies upon a 
3-D numerical code to solve a coupled thermal-electrical 
problem of current passing through a patterned metallic 
conductor, and determines a filament design that enhances 
magnitude and distribution of the thermionic emission, 
while assuring the desired filament life. 

The predictive tool uses a numerical solver, for example 
but not Limited to, a finite-element code (FEM), to balance 
Joule heat in each filament with corresponding heat losses, 
for example those due to conduction and radiation. The 
filament design is then "tested'* to check a temperature 
distribution across the filament. The methodology of the 
design tool is described below and in conjunction with FIG. 
2. 

In FIG. 2, the predictive model generates and meshes a 
3-D filament design at step SI. In step S2, appropriate 
boundary conditions are imposed that comprise, but are not 
limited to, heating current, ambient temperature and lead 
temperature. In step S3, a coupled thermal-electrical equa- 
tion is solved to determine a temperature distribution across 
the emitting surface. The coupled thermal-electrical equa- 
tion accounts for Joule heating, emissive radiation, and 
thermal conduction. 

In step S4, the temperature distribution calculated from 
step S3 is compared to temperature distribution specifica- 
tions. If the temperature distribution specifications are met, 
the proposed filament design is determined to be acceptable 
in step S5. However, if the proposed filament design does 
not conform to temperature specifications, steps SI through 
S4 are repeated with an appropriately modified geometry. 
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Steps SI through S4 are iterated until temperature distribu- 
tion specifications are met. At that point, the predictive tool 
and its method are complete. 

The temperature distribution specifications chosen for the 
filament are determined according to its intended uses. For 5 
example, and in no way meant to limit the invention, 
temperature uniformity specifications are imposed, such that 
there is not greater than about ±25° K. variation across the 
emitter. Such specifications provide for increased emission 
current with respect to filament life. 30 

One possible emitter configuration for a mufti-emitter 
filament 200 (here a dual -emitter filament) determined by 
the design tool is illustrated in FIG. 3. The filament 200 
comprises an emitter 201 and its mirror image emitter, which 
is illustrated in phantom. In FIG. 3, exemplary dimensions 
of the emitter 201 comprise about a 2.0 mmxS.O mm area, 
with a thickness of about 0.05 mm. Tabs 250 are maintained 
at a temperature of about 2000** K. The emitter operates with 
an applied current, i, equal to about 7 A. A resulting 
temperature distribution is essentially uniform over a portion ^° 
of the emitter 201 (with about a ±25** K. variation), and a 
maximum temperattu-e of about 2600® K. is reached. This 
description is merely exemplary and is not meant to limit the 
invention. 

25 

The filament 200, in FIG, 3, comprises an emitter 202 
having a serpentine-patterned configuration. The serpentine- 
patterned configuration is formed to control current flow 
through an active emitting portion of the emitter, which 
generates and defines the focal spot, and to consequently 
produce a desired temperature distribution across the fila- 
ment. The number, size and location of the current-crowding 
slots (notches) in the serpentine-patterned configuration can 
be varied to counteract any thermal losses to leads, and 
attain a desired temperature profile across the emitter. 

The serpentine-patterned emitter configiu-ation in FIG. 3 
is defined by alternating slots, including first slots 203 
extending from one side 75 of the filament 200 and second 
slots 204 extending from the opposite side 76 of the filament 
200. The slots 203 and 204 define respective emitter portions ^ 
205 therebetween. In FIG. 4, five (5) emitter segments 207 
are illustrated, and this number is merely exemplary of the 
invention. Any number of eniitter segments 207 to achieve 
the desired emitter temperature distribution is within the 
scope of the invention. 

Performance and reliability of a filament are enhanced by 
balancing thermionic emission from the filament and evapo- 
ration rates of the filament. FIG. 4 illustrates a graph of 
thermionic emission and evaporation rates from tungsten 
filaments with respect to emitter temperature. The graph 50 
indicates a possible operating temperature regime for fila- 
ments. As is illustrated by the graph, temperatures falling to 
either side of the operating regime will result in either 
insufficient emission or inadequate life. 

FIGS. 5—10 illustrate some exemplary filament configu- 55 
rations. The filament tabs 250 are connected to leads 5, 
shown generally and described in detail hereinafter. FIGS. 
5-7 illustrate single-emitter filament constructions and 
FIGS. 8-10 illustrate multi-emitter filaments. FIGS. 8 and 9 
comprise a plurality of emitters arranged end-to-end. FIG. 60 
10 illustrates a filament that comprises emitters arranged 
side-by-side. In the following description, the axes are 
defined by the coordinate system of FIG. 1. The slots and 
sides, and the resultant emitter configuration, are as 
described with respect to FIG. 3, unless otherwise specified. 55 

FIG. 5 illustrates a filament 10, which comprises current- 
crowding slots 12. The slots 12 comprise differing sizes and 
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shapes interspersed along the filament 10. The slots 12 may 
be spaced from each other, and have any pattern, depth and 
width in the filament 10, as needed to attain desired emitter 
performance. 

FIG. 6 illustrates a second filament 20 that comprises 
tapered ends 21 adjacent the tabs for condensing current. 
Each tapered section 22 narrows from a constant width at the 
mid-portion 23 to the tabs 250. The shape of the section 22 
can vary depending on the intended performance specifica- 
tions of the filament. For example, the size and orientation 
of the tapered section 22 can be varied to counteract heat 
losses and provide the desired temperature distribution such 
as imiform temperature distributions across the emitter. 

FIGS. 7—10 illustrate serpentine-patterned emitter con- 
figurations formed using alternating slots. The slots serve to 
control the filament temperamre by modifying the current 
density distribution, and can be interspersed on the filament, 
for example, with a higher concentration at the ends of the 
filament to coimteract thermal losses to the attachments or 
any desired function. The slots extend a distance across the 
filament along the x-axis (FIG, 10), or the y-axis (FIGS. 
7-9). In FIGS. 7-9, the alternating slots comprise first slots 
32 on one side 75 of the filament and second slots 33 on the 
opposite side 76 to define a serpentine-patterned emitter 
configuration. The slots 32 and 33 define emitter portions 35 
therebetween. The exact number of slots is not essential to 
the concept of the filament and emitter; however, there 
should be a sufficient number of slots to attain the desired 
emitter temperature distribution at a permissible level of 
filament operating current. 

FIG. 7 illustrates a third filament 30, that comprises a 
serpentine -patterned emitter configuration. The filament 30 
comprises a single emitter. FIG. 8 illustrates a dual-emitter 
filament 40, which comprises a pliu-aHty (here two) of 
emitters 41. Although FIG. 8 illustrates two emitters 41, the 
filament 40 can be attached to a support structure to define 
three possible emitting structures. For example, the filament 
40 defines a first emitter when passing current through a 
support structure at the two right-most tabs, another emitter 
when passing current through a support structure at the two 
left-most tabs and a third emitter when passing current 
through a support structure at the two outer-most tabs 250. 

The dual-emitter filament 50 of FIG, 9 comprises a 
plurality of emitters 51. Although HG. 9 illustrates three 
emitters 51, the number of possible emitter constructions is 
6. In FIG. 9, possible emitting structures include passing 
current through the filament at the two outer tabs, the two 
shared iimer tabs, the two left-most (as illustrated) tabs, the 
two right-most (as illustrated) tabs, and between each side 
tab, and the furthermost tab when skipping one shared tab. 

FIG. 10 illustrates a side-by-side multi-emitter filament 
60 comprising a plurality of emitters 61. The emitters 61 
comprise a larger emitter 68 and a smaller emitter 69, The 
filament 60 comprises tabs 265, where at least one of the tabs 
265 is shared by adjoining emitters. The filament 60 also 
comprises slots 62 extending from one side 71 of the 
filament 60 and slots 63 extending from the opposite side 72 
of the filament 60. 

For relatively simple geometries, for example those illtis- 
trated in FIG. 6, an elevated-temperature foil punching 
process can be used to manufacture the filaments. More 
intricate filaments, for example those having serpentine - 
patterned emitter configurations, can be fabricated using one 
of a number of advanced manufacmring techniques. These 
techniques include fine-wire electro-discharge machining 
(EDM) (wire diameter as small as about 0.025 mm), pbo- 
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lolithographic masking followed by etching, laser 
machining, and nel-shape vapor deposition. 

For filaments made of tungsten, which is a filament 
material within the scope of the invention, a desired micro- 
structure comprises elongated grains with interlocking grain ^ 
boundaries to enhance creep resistance. Enhanced creep 
resistance is important to retain filanaent stability throughout 
its lifetime. The microstructure of the filaments is deter- 
mined by doping, by alloying, as well as by thenno- 
mechanical processing parameters, such as but not limited to 
rolling temperatures, area reductioEis, annealing treatments, 
and recrystallization treatments. A range of beating methods 
can be used to affect the recrystallization treatments, includ- 
ing furnace and self-resistance beating of the filament. 
Failure to select appropriate thermo-mecbanical processing 15 
and recrystallization treatments can result in filaments hav- 
ing at least one of inadequate dimensional stability, low 
creep resistance, splits and cracks. 

A filament's dimensions (thickness, length and width), 
when combined with the electron -focusing characteristics of 
a cathode cup, define the focal spot dimensions. Attainment 
of the desired focal spot is achieved by an appropriate 
filament construction and shape, for example a curved 
emitter. FIGS. 11-15 illustrate possible and exemplary 
curved emitter configurations, as well as methods and sys- 
tems to produce a curved emitter. The cinrved emitter, 
discussed with respect to FIGS. 11-15, comprises any 
emitter described above and writhin the scope of the inven- 
tion. The radii of curvature R of an emitter are dependent 
upon several factors, such as cathode-to-anode distance, 
anode size, and desired focal spot size and shape. 

HG. 11 illustrates an emitter 900 with a radius of curva- 
ture in the yz plane, Rl. Alternatively, emitter 901 (FIG. 12) 
may have a radius of curvature R2 in the xz plane. Further, 
an alternative emitter 903 (FIG. 13) may have radii of 
curvature Rl and R2 along both principal planes, yz and xz. 
A typical radius of curvature of a curved emitter comprises 
a radius in a range between about 1.0 mm to infinity. 

The emitter curvature can be imparted by a hot-die 
forming process using mating dies as illustrated in FIG. 14, 
A rigid stationary die 501 comprises a shaped depression, 
such as a cylindrical, hemispherical or other shaped depres- 
sion 502, that will result in the desired final filament shape. 
A nominally flat filament 500 is positioned at the depression 45 
502. Depending on the desired final shape, the filament can 
extend out of the depression 502, on either or both sides. The 
system comprises a rigid upper die 503 with a bottom 
surface 504 that possesses a complementary and mating 
shape to a siu-face 505 of the depression 502. The die 503 is 
operatively connected with an appropriate motive source to 
move the die 503 to and away from the depression 502, for 
example in a reciprocating manner. In the system of FIG. 14, 
as well as the system of FIG. 15, at least one of the dies may 
be pre-healed to facilitate the forming process. 55 

The operation of the system for producing a curved 
emitter of FIG. 14 will now be discussed. A fiat filament 500 
is initially placed in the depression 502, and the die 503 is 
moved toward the filament 500. The interaction of the die 
503 with the depression 502 forces the filament 500 into a 50 
desired curved shape conforming to die surfaces. The curved 
emitter is formed and the movable mating die 503 is then 
retracted. 

Another system for producing curved emitters comprises 
a movable rigid die 610 and a compliant mold 611, as 65 
iQustrated in FIG. 15. The compliant mold 611 comprises a 
nominally flat surface 612 and is formed of an appropriate 



material that deforms when subjected to presstu'e, but recov- 
ers its initial shape when the pressure is released. For 
example, the compliant mold 611 can comprise a high- 
temperature silicone rubber material. 

In operation, a nominally flat emitter 600 is initiaDy 
placed on the compliant mold 611. Next, the die 610 is 
moved toward the filament 600, forcing the emitter 600 to 
conform to the die surface 612 when compressed against the 
compliant mold 611. A curved emitter 600 is thus formed 
upon retraction of the die 610. Again, the dies may be 
preheated to facilitate deformation of the emitter material. 

Another aspect of the invention is a stable support system 
that mechanically and electrically attaches a filament to an 
associated support element. The attachment system provides 
improved performance over known structures. FIGS. 16—24 
illustrate attachment systems, as embodied by the invention; 
however the representation of the filament is merely exem- 
plary. Any filament within the scope of the invention can be 
utilized. Attributes of the attachment system are as follows: 
it minimizes constraints on the filament to the extent that 
distortion of the filament surface does not occuir during or 
after annealing; it allows for thermal expansion of the 
filament during operation without distortion of the filament 
emitting surface; it extends emitter life; it has sufficiently 
low thermal mass to prevent non-uniform temperatures due 
to excessive heat losses from the filament and consequent 
reduction in emission current density; and it provides 
adequate mechanical constraint to retain the filament in 
proper position and in adequate electrical contact during 
prolonged operation, including extensive thermal cycling. 

In the following descriptions, leads are first attached to 
attachment posts and thereafter the emitter is attached to the 
leads. These steps avoid problems inherent to attachments of 
known filaments comprising integral leads. 

In FIGS. 16 and 17, a filament 300 is attached to leads 5 
(generally illustrated in the above figures) that comprise 
pre-bent thin-foil leads 302 (hereafter leads) attached to the 
filament tabs 465. The leads 302 are attached by any 
appropriate attachment method, such as but not limited to, at 
least one of laser-welding, electron-beam welding, resistive 
welding, brazing, and combinations thereof. Hie leads 302 
comprise a structure that elastically deflects under the ther- 
mal expansion and contraction of the filament 300 and 
carries filament current without excessive self-heating. The 
material of the leads 302 includes, but is not limited to, 
refractory metal materials such as at least one of tungsten, 
tantalum, molybdenum, rhenium, niobium, and alloys 
thereof. The leads are thin, for example having a thickness 
in the range between about 0.01 mm to about 1.0 mm. 

The leads 302, as illustrated in FIGS. 16 and 17, further 
comprise a long-leg lead portion 303 and a short-leg portion 
304. The long-leg lead portions 303 connect to attachment 
posts 310 that comprise part of the support system of a 
cathode (not illustrated). The attachment posts 310 comprise 
pre-machined slots 312, and are formed from an appropriate 
material, including but not limited to at least one of 
molybdeniun, niobium and alloys thereof. The long-leg lead 
portion 303 mates with the premachined slots 312. The slots 
312 comprise an opening having a thickness essentially 
equal to the thickness of the leads 302. 

The attachments of the bent leads 302 to the attachment 
posts 310 may be further secured, for example by an 
appropriate weld, including at least one of laser-beam weld- 
ing and electron-beam welding and resistive welding, with 
or without braze 315. Further, the attachment of the lead 302 
to filament tab 265 can be secured by an appropriate weld, 
as discussed above. 
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FIGS. 18 and 19 illustrate a second attachment system, as 
embodied by the invention. The filament 400 is illtistrative 
to the filaments illustrated above. The filament 400 com- 
prises three tabs 465. The filament 400 is attached to 
thin-foil leads 402 (hereafter leads) at each tab. Each lead 
402 comprises a foil material, and is formed with an 
elongated portion 411, a second portion 412, and an open- 
ended slot 413 that serves as the receptacle for the tab 465. 
The open-ended slot 413 is open at one side 415 of the lead 
402. 

The filament 400 is attached to the lead 402 by sliding the 
tab 465 into the open-ended slot 413, The engagement 
therebetween is preferably a small-tolerance fit. The tab 465 
may be additionally secured to the lead 402 by at least one 
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What is claimed is: 

1. A support system for a filament, wherein the filament 
comprises at least one emitter and a plurality of connection 
tabs; the support system comprising: 

5 a plurality of foil leads attachable to the plurality of tabs 
of said emitter; and 
a support structure comprising at least a plurality of 
attachment posts, each post comprising a slot adapted 
to receive a lead, wherein each lead connects to a slot 
10 of the plurality of attachment posts and then each tab is 
attached to a lead. 

2. A system according to claim 1, wherein at least one lead 
comprises a pre-bent lead. 

3. A system according to claim 1, further comprising 
of the above described methods for securing the bent leads is additional attachment for connecting said lead to a post and 
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302 to the filament 300. The leads 402 can be further secured 
to attachment posts 310 in a manner similar, to that dis- 
cussed above. 

FIGS. 20 and 21 illustrate a third attachment system. The 
filament 450 comprises a serpentine-patterned emitter with 20 
tabs 465. The tabs 465 extend from the ends of the filament 
450. Each tab is attached to foil leads 350 (hereafter leads). 
Each lead comprises a foil material with a closed-sided slot 
352 that serves as the tab receptacle. The tabs 465 and the 
slot 352 are approximately complementary in size, so that 
the tab 465 fits snugly into the slot 352. The posts 310 and 
other details of the system are set forth above. 

FIGS. 22-24 illustrate a fourth attachment system. The 
fourth attachment system relies upon a locking nib structure 
650 on one of the lead and filament to secure the filament 
and lead together. This system comprises a locking nib 
structure on the lead and a slot on the tab. Altematively, this 
system comprises a locking nib structure on the tab and a 
slotted lead. The interaction, attachment order, and steps to 
assemble the lead, post and emitter are explained above. The 
locking nib structure 650, whether provided on the filament 
or lead, comprises two protrusions 652 that are substantial 
mirror images of each other The protrusions 652 are sepa- 
rated from each other by a nib slot 651 and are connected to 
the base structure (tab or lead) by attachment ends 653 to 
define a locking groove 658. The projections terminate in a 40 
slanted side wall 655 that defines a cam surface. 

In use, the locking nib structure 650 cooperates with a slot 
632, which is located in one of a lead 631 and a tab 620. The 
locking nib structure 650 is inserted into the slot 632, until 
the side walls 655 contact edges of the slot 632. The 45 
protrusions 652 are then compressed about the attachment 
ends 653 by the sides of the slot 632 and deflection of the 
protrusions 652 is accommodated by the nib slot 651. This 
movement continues until the entire protrusions 652 have 
passed through the slot 632 and the locking nib structure 650 
returns to a relaxed state. At this point, the slot 632 is 
securely positioned in a loddng groove 658 at nib the base 
of the locking nib structure 650. The filament 620 and leads 
631 are thus connected. As above, welds may be used to 
further secure the connections if desired; however welds are 
not needed as the locking nib structure provides a suitable 
electrical and mechanical connection. 

Filaments, emitters, support structures and methods, as 
embodied by the invention, have applications in X-ray tubes 
cathodes. A further application of the invention comprises 
illumination for sudi use as projection lamps, where a 
uniform luminosity is desired. 

While the embodiments described herein have been 
discussed, it will be appreciated from the specification that 
various combinations of elements, variations or improve- 
ments therein may be made by those skilled in the art, and 
are within the scope of the invention. 
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a tab to a lead, the additional attachment selected from the 
group consisting of: 

laser-welding, electron -beam welding, resistive welding, 
and brazing. 

4. A system according to claim 1, wherein the plurality of 
leads comprises a material selected from the group consist- 
ing of: 

tungsten, tantalum, molybdenum, niobium, rhenium and 
alloys thereof. 

5. A system according to claim 1, wherein said emitter 
comprises a plurahty of current-crowding structure slots and 
at least two tabs, each lead comprising at least one open- 
ended slot cooperating with the tab, wherein said emitter is 
supported by fitting said open-ended slot with the tab, 

6. A system according to claim 1, wherein said emitter 
comprises a plurality of current-crowding structure and at 
least tabs, each lead comprising at least one closed sided slot 
cooperating with the tab, wherein said emitter is supported 
by a fitting tab into a closed-sided slot. 

7. A system according to claim 1, wherein one of the tab 
and the lead comprises a locking nib structure and the other 
of the tab and the lead comprises a closed-sided slot that 
receives the locking nib structure. 

8. A system according to daim 1, wherein said emitter 
comprises a thickness in a range between about 0.01 mm to 
about 1.0 nmi. 

9. A method for determining a geometry of a filament, the 
method comprising; 

generating a 3-D mesh of a filament geometry; 
solving a coupled thermal-electrical equations to deter- 
mine a temperature distribution across a surface of a 
filament geometry subject to imposed botmdary con- 
ditions; and 

iterating the filament geometry and solving for tempera- 
ture distributions subject to the imposed boundary 
conditions until the filament geometry conforms with 
temperature specifications. 

10. A method according to claim 9, wherein the imposing 
boundary conditions comprise imposing at least one of 
heating current, ambient temperatuire, and lead temperature 
bouindary conditions. 

11. A method according to claim 9, wherein the solving 
for a temperature distribution further comprises accounting 
for at least one of Joule heating, emissive radiation, and 
thermal conduction. 

12. A method according to claim 9, wherein the method 
determines a filament geometry for a single emitter filament 
or a mufti-emitter filament, where the filament comprises a 
metal foil, a metal ribbon or a metal sheet, each filament 
comprises a thickness in a range between about 0.01 mm to 
about 1.0 mm. 
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